A three-dimensional dose model was developed for independent dose verification of the Gamma Knife treatment plan. It aimed to serve as a quality assurance and biological modeling tool for the Leksell GammaPlan (LGP) calculations. Due to the analytical formalism of the model, it was also used for fast treatment planning optimization of the Gamma Knife plans. The model is based on the 3D ellipsoidal dose distribution of individual Gamma Knife shots. It contains parameters for all four-helmet sizes and accounts for different shot locations, and varying skull shapes. The input parameters for the dose model are modeled the same as those of the LGP calculations, i.e., the skull measurement data, the shot locations, the weights, the γ-angles of the head frame, and helmet size. For the study of over twenty cases with few shot numbers, the dose at the focal point agrees with the LGP calculations from -1% to +2%. For the cases with relatively large number of shots, the model agrees with the LGP calculations within ±7% and ±3 mm for high-gradient dose regions. For extreme off-center locations, the independent dose calculations agree with the LGP calculations within ±10%. In summary, an effective independent dose model was demonstrated for Gamma Knife radiosurgery.
